Background: Acute cerebral infarction is a major risk factor for postoperative neurologic complications in cardiac surgery. However, the outcomes associated with acute silent cerebral infarction (ASCI) have not been not well established. Few studies have reported the postoperative outcomes of these patients in light of preoperative Diffusion-weighted magnetic resonance imaging (DWI). We studied the postoperative neurologic outcomes of patients with preoperative ASCI detected by DWI. Methods: We retrospectively studied 32 patients with preoperative ASCI detected by DWI. None of the patients had preoperative neurologic symptoms. The mean age at operation was 68.8±9.5 years. Five patients had previous histories of stroke. Four patients had been diagnosed with infective endocarditis. Single cerebral infarct lesions were detected in 16 patients, double lesions in 13, and multiple lesions (＞5) in three. The median size of the infarct lesions was 4 mm (range, 2 to 25 mm). The operations of three of the 32 patients were delayed pending follow-up DWI studies. Results: There were two in-hospital mortalities. Neurologic complications also occurred in two patients. One patient developed extensive cerebral infarction unrelated to preoperative infarct lesions. One patient showed sustained delirium over one week but recovered completely without any neurologic deficits. In two patients, postoperative DWI confirmed that no significant changes had occurred in the lesions. Conclusion: Patients with preoperative ASCI showed excellent postoperative neurologic outcomes. Preoperative ASCI was not a risk factor for postoperative neurologic deterioration.
INTRODUCTION
Neurologic complications are a major problem in cardiac surgery. Preoperative acute cerebral infarction is a significant risk factor for postoperative neurologic complications [1] .
Preoperative acute cerebral infarction can be exacerbated after cardiac surgery [1, 2] . Intraoperative hypotension during cardiopulmonary bypass (CPB) may aggravate ischemic damage and potentiate cerebral edema by disrupting the blood-brain barrier [1] . Additionally, the hemorrhagic transformation of cerebral infarctions can be caused by systemic heparinization [1] .
In acute cerebral infarctions without clinical neurologic symptoms, such as silent cerebral embolism and transient ischemic attacks, postoperative neurologic outcomes are improved [3, 4] . However, another study has suggested that even silent cerebral infarctions can be exacerbated postoperatively [5] . Outcomes of Acute Silent Cerebral Infarction − 511 − Diffusion-weighted magnetic resonance imaging (DWI) is a very useful imaging modality for the early detection of acute cerebral infarction. Its sensitivity and specificity are 85% and 100%, respectively [6] . Acute infarct lesions show maximal intensity after 48 to 72 hours from the onset of infarction, and their intensity starts to decrease after one week [6] .
There is a considerable literature about perioperative neurologic outcomes using DWI. However, studies of neurologic outcomes in patients with preoperative acute silent cerebral infarction (ASCI) using DWI are rare. The neurologic outcomes of patients with ASCI are also not well established.
We studied the postoperative neurologic outcomes of patients with preoperative ASCI detected by DWI.
METHODS
From January 2010 to July 2013, 362 consecutive patients underwent cardiac surgery in Saint Carollo General Hospital. We routinely performed preoperative neurologic evaluations with DWI in patients aged over 50 years if the patient's condition was suitable. Preoperative DWI was not performed in 117 patients because of unsuitable preoperative conditions, emergency situations, or young age. A total of 245 patients underwent DWI preoperatively.
Among them, we retrospectively reviewed the medical records of 32 patients who were diagnosed with acute cerebral infarction on preoperative DWI imaging and were without any neurologic symptoms. The mean age at operation was 68.8±9.5 years. Sixteen patients (50%) were male. The preoperative cardiac diseases were valvular heart disease in 13 patients, coronary arterial disease in 13 patients, thoracic aortic disease in two patients, and infective endocarditis in four patients. To evaluate the risk of embolic infarction, we reviewed preoperative variables including age, sex, hypertension, diabetes mellitus, renal insufficiency, atrial fibrillation, smoking, history of cerebrovascular disease, and the time interval between coronary angiography and the DWI scan. This study was approved by review board of Saint Carollo General Hospital, which waived informed consent due to the retrospective nature of this study (SCH 2014-042). The lesions on the magnetic resonance imaging and DWI findings were evaluated by two experienced neuroradiologists masked to the clinical and neuropsychological data.
1) Magnetic resonance imagery

2) Preoperative cerebral infarct lesions
Of the 32 patients with preoperative acute cerebral infarctions on DWI imaging, 16 patients had a single lesion, 13 patients had two lesions, and three patients had multiple lesions (＞5). The median size of the lesions was 4 mm (range, 2 to 25 mm). Three of the patients with two lesions had large infarction lesions (＞15 mm).
There were 60 infarct lesions found on preoperative DWI, of which 44 (73%) were supratentorial and 16 (27%) were infratentorial. Most of the supratentorial lesions were located in the cerebral cortex (68%) and the others were in the white matter (basal ganglia, thalamus, centrum semiovale, hippocampus, corpus callosum, and corona radiata). Most of the infratentorial lesions were in the cerebellum (81%) and the others were in the pons (19%).
3) Operation
All patients except one underwent a standard median sternotomy for surgical exposure. One patient underwent a postHyung Tae Sim, et al 
4) Operative timing
Twenty-nine patients underwent cardiac surgery within 3 days after preoperative DWI. All but one of the patients showed single or double infarct lesions on preoperative DWI.
One patient who showed multiple cerebral infarct lesions underwent elective cardiac surgery due to an unstable preoperative condition. Three patients delayed cardiac surgery by 10, 11, and 14 days, respectively. Two of these patients had multiple infarct lesions and one patient had the largest infarct lesion (25 mm) in our study. All three of these patients underwent operation after a follow-up DWI study. On the follow-up DWI, the previous cerebral infarct lesions of two patients had improved (Fig. 1 ), but one patient who was diagnosed with infective endocarditis showed newly developed acute cerebral infarctions. Table 2 the two groups (Table 3) .
5) Statistical analysis
RESULTS
Postoperative DWI was performed in two of the 32 patients with preoperative ASCI. One patient who had two infarct lesions in the left frontal cortex and corona radiata on preoperative DWI showed severe dizziness postoperatively.
The other patient with multiple preoperative infarct lesions did not show any specific neurologic symptoms postoperatively. On the postoperative DWI, both had similar findings and no evidence of exacerbation (Fig. 2) .
DISCUSSION
A silent cerebral infarct is defined as certain brain abnormalities identified by a magnetic resonance imaging scan that lack clinically overt stroke-like symptoms. These infarcts are associated with subtle deficits in physical and cognitive function that commonly go unnoticed [7] . They have been shown to occur in up to 20% of healthy elderly people [7] . In the present study, the incidence of preoperative ASCI identified by DWI was 13%. Most lesions were small but large or multiple infarct lesions were also observed. The patients with ASCI tended to be older, have a higher incidence of diabetes mellitus, and have a higher rate of coronary angiography within the 14 days before DWI scans. Age and diabetes mellitus are known significant risk factors of silent cerebral infarcts that have been reported in several studies [5, 7] .
Paradoxical embolism is also an important pathogenesis of silent cerebral infarcts [5, 7, 8] . Preoperative coronary angiography might be a source of paradoxical embolism. Recent studies demonstrated that asymptomatic embolic cerebral infarction could be detected in 2.2% to 22% of patients using DWI after left-sided cardiac catheterization [9, 10] . The other important finding of this study was the distribution of infarct lesions. Most silent infarct lesions are located in white matter areas [7] . However, cortical lesions were most prevalent in our study. Kim et al. [8] demonstrated that paradoxical embolism may play an important role in the development of silent brain infarcts outside the perforating artery territory, such as in the cortical area. These findings indicated that embolism may be an important cause of ASCI.
Preoperative acute cerebral infarction is a major risk factor for postoperative neurologic complications. It can be exacerbated after cardiac surgery because of intraoperative hypotension and CPB-induced systemic heparinization. Eishi et al. [1] reported that the exacerbation rate of cerebral infarctions was 45.5% when operated on within 24 hours, 16.7% when operated on between eight and 14 days, and 2.3% when operated on even after four weeks. They suggested that the major risk factor of neurologic exacerbation was the severity of preoperative cerebral infarction [1] . In the case of preoperative ASCI, postoperative neurologic outcomes have been shown to be better than the case of preoperative symptomatic cerebral
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− 515 − infarction [3, 4] . Thuny et al. [3] reported that no neurologic deaths occurred in patients with preoperative acute silent infarction or transient ischemic attacks [3] . However, another report does indicate that even ASCI can be exacerbated postoperatively [5] . According to that study, one patient with preoperative silent infarction developed dysarthria and right hemiparesis postoperatively and his postoperative DWI demonstrated an increased preoperative infarct size [5] . Their finding supports the conclusion that it would be helpful to evaluate preoperative neurologic DWI studies to prepare for unexpected postoperative neurologic complications.
In our study, neurologic complications developed in two patients with preoperative ASCI. One patient showed sustained delirium and the other patient developed a major cerebral infarction postoperatively. These neurologic complications were unrelated to the preoperative infarct lesions because these two patients had single or double infarct lesions preoperatively. That is, these complications were not the result of the exacerbation of preoperative ASCI.
There is some controversy about the timing of operations in patients with preoperative acute cerebral infarction. According to the European Society of Cardiology guidelines on infective endocarditis, operations should be delayed by at least four weeks to prevent hemorrhagic exacerbation or preoperative cerebral hemorrhage [11] . In acute cerebral infarction, no definite criterion exists regarding the timing of the operation.
However, in the case of silent cerebral infarction or transient ischemic attack, delaying the surgery is not recommended because the risk of postoperative neurologic deterioration is low [11] .
Even though silent cerebral infarction is a minor risk factor for postoperative neurologic complications, multiple or large lesions can result in increased risk [12, 13] . Goto et al. [12] have reported that preoperative multiple small infarctions or large infarctions (＞15 mm) significantly increase the risk of postoperative neurologic dysfunction.
In this study, 29 patients underwent elective cardiac surgery and three patients underwent delayed operations. When ASCI showed multiple lesions (＞5) or a large lesion (＞20 mm), the operation was delayed if the patient's condition required it.
There were several limitations to our study. Our study was a retrospective, single-center study, and the total number of patients in the study was too small to draw definitive conclusions. We were not able to evaluate the patients' cognitive function, although several studies have documented that patients with silent cerebral infarction showed cognitive dysfunction [5, 7] . A more exact neurologic evaluation should compare preoperative and postoperative cognitive function. In addition, postoperative DWI was not performed in all study patients. Thus, we cannot be sure whether all infarct lesions were exacerbated postoperatively.
In conclusion, ASCI detected by preoperative DWI occurred with some frequency in older patients. Patients with preoperative ASCI showed excellent postoperative neurologic outcomes. There was no neurologic deterioration related to preoperative infarct lesions, and preoperative ASCI was not a risk factor for postoperative neurologic deterioration.
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